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[57) ABSTRACT

A synthetic method for generating pure carboxyethyl
germanium sesquioxide in the absence of toxic unpuri-
ties. In the method germanium dioxide and metallic
germanium are not used as starting materials. The
method involves the production of pure crystals of
trichlorogermane propionic acid which are converted
to carboxyethyl germanium sesquioxide. The product
has an LDsg value of at least 5 g/kg.

8 Claims, No Drawings
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METHOD FOR THE PREPARATION OF PURE
CARBOXYETHYL GERMANIUM SESQUIOXIDE

BACKGROUND

1. Field of the Invention

The present invention relates to a synthetic method
for generating pure carboxyethyl germanium sesquiox-
ide, and in particular to a chemical method for synthe-
sizing carboxyethyl germanium sesquioxide that vields
the carboxyethyl germanium sesquioxide without trace
amounts of germanium dioxide or metallic germanium.

2. Description of the Prior Art

Carboxyethyl germanium sesquioxide (organic ger-
manium) has been shown to have chemotherapeutic
value. Nakao Ishida, et. al., U.S. Pat. No. 4,473,581

teach that carboxyethyl germanium sesquioxide can
induce interferon production in humans. Nagahama

teaches in U.S. Pat. No. 4,898,882 that carboxyethyl
germanium sesquioxide can provide the human body
resistance against the common cold. Asai in U.S. Pat.
No. 3,793,455 describes the use of carboxyethyl germa-
nium sesquioxide as an agent for treatment of hyperten-
sion. Although carboxyethyl germanium sesquioxide is
a well known compound, its molecular structure has
been shown to be dependent on the synthetic method
employed.

For use as a chemotherapeutic agent, or as a food
supplement, it 1s required that carboxyethyl germanium
sesquioxide be pure, free of unwanted and potentially
lethal contaminants germanium dioxide and metallic
germanium. Many known methods for synthesizing
carboxyethyl germanium sesquioxide provide for the
production of germanium sesquioxide contaminated
with trace amounts of metallic germanium, or germa-
mum dioxide, since these are used as the starting materi-
als. Trichlorogermanium acrylate moieties (tri-
chlorogermanium acroyl chiorides, trichloroger-
manium acrylic acids, trichlorogermanium acroleins
and trichlorogermanium alkyl acrylates) are the key
intermediates common to such known synthetic routes.
Entries described by the prior art to the trichloroger-
manium acrylate intermediates, utilize methods that
require either oxidation of metallic germanium with
hydrochloric acid, or reduction of germanium dioxide
and, hence, the probability of the presence of trace
amounts of unreacted starting material (metallic germa-
nium or germanium dioxide) in the product is signifi-
cant.

The present invention does not start with either me-
tallic germanium or germanium dioxide, but rather
starts with germanium tetrachloride.

SUMMARY OF THE INVENTION

Accordingly, a major object of the present invention
1s the provision of a synthetic method that is devoid of
the aforementioned drawbacks which to date have
characterized this art.

It 1s the primary object of the present invention to
provide a method whereby carboxyethyl germanium
sesquioxide can be prepared without contamination
from metallic germanium or germanium dioxide.

It 1s another object of the present invention to pro-
vide a method for the production of a carboxyethyl
germanium sesquioxide molecular species that is com-
pletely non toxic to the human body.

It 1s another object of the present to provide a method
for the production of a carboxyethyl germanium sesqui-
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oxide molecular species that has an LDsg value of at
least 5 g/Kg.

The present method involves the isolation and purifi-
cation of the intermediate trichlorogermane propionic
acid (hereafter referred to as TPA). In this method
reaction of germanium tetrachloride in the presence of
acrylic acid takes place under ambient conditions to
form a mixture of polymeric material and TPA. This
mixture 1S then depolymerized with concentrated hy-
drochloric acid to form a crude TPA reaction product,
which i1s then recrystallized to a pure TPA form. The
pure TPA i1s then hydrolyzed to form carboxyethyl
germanium sesquioxide.

DETAILED DESCRIPTION OF THE
INVENTION

The method of the invention involves the steps of
forming from the starting material of germanium tetra-
choloride, an intermediate material, trichlorogermane
propionic acid, isolating and purifying the trichloroger-
mane propionic acid and converting the TPA by hydro-
lysis to carboxyethyl germanium sesquioxide.

The specific steps of the process are described as
follows:

a first mixture is obtained by reacting germanium
tetrachloride with tetramethyl disiloxane and acrylic
acid. This first mixture consists essentially of trichloro-
germane propionic acid (TPA), a polymer and volatile
by-products. The reaction profile is:

CH; CH;
GeCly + I-ISli—OSiIH + HyC=C—CO3H ~——>>
CIlI3 Cl!Ig II-I
H H
C13Ge(l3"—(|:—C02H -+
H B
(TPA)
volatile
polymerized germanium acrylates - by-products

(Polymer)

The first mixture is subjected to vacuum distillation
to remove the volatiles. This results in a second mixture
which consists essentially of TPA plus the polymerized
germanium acrylates (hereafter referred to as “poly-
mer”’). The chemical profile of this steps is:

H H

|
Cl3GeC—C—COsH <+ Polymer +

||
H H

volatile by-products distillation >

H H

| |
Cl3GeC—C-—=COsH 4 Polymer

|
H H

The second mixture is reacted with hydrochloric acid
in sufficient amount, preferably in excess, to completely
react with the polymer for depolymization, that is to
convert the polymer to TPA providing a third mixture
consisting essentially of TPA and hydrochloric acid.
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The reaction essentially of TPA and hydrochloric acid.
The reaction profile is:

H H
C13Ge(|.“,—(IZ—CO:,3H + Polymer + H CI (conc) —%
b oH
H H
0136¢c|:—(|:—c02}1 H Cl (conc)
B oh

The third mixture is subjected to solvent extraction to
separate the hydrochloric acid from the TPA and pro-
vide a fourth mixture consisting essentially of TPA and
extraction solvent. The preferred solvent is a sufficient
amount, preferably in excess, of a halogenated solvent,
specifically dichloromethane being most preferred.
Chloroform and carbotetrachloride might also work.
The reaction profile is:

H H
| | —H>0 and HCl
C13Ge(|3—(|3—COzH + HCI + HyCCl ———————>
H H
H H

]
Cl3GeC—C—CO2H + H,CCl

H H

‘The fourth mixture is subjected to vacuum distillation
to remove the solvent (H,CCly) resulting in a crude
reaction product, consisting essentially of TPA. That is,
the TPA is in a form .or mixture presumed to be insuffi-
- clently pure. The reaction profile is:

H2CCI2 Il-I II-I
Fourth mixture Cl3GeC—C—COsH (crude)
vacuum distillation III II-I

Next the crude TPA reaction product is purified and
converted to carboxyethyl germanium sesquioxide by
the following steps:

The crude TPA reaction product is dissolved in a
minimal amount of boiling non-polar alkyl solvent, pref-
erably hexane, to form upon cooling, high purity crys-
tals of TPA. The hexane is removed and the resulting
crystals are washed successively with hexane in order
to yield fine pure crystals of TPA. The reaction profile
is:

H H

||
C13GcC—(".I-C02H + Hexanes ————>

|
H H

H H

| |
Cl3GeC—C—COyH (crystaline)

[ ]
H H

This results in pure crystals of TPA.

Next the pure TPA crystals are reacted in a sufficient
amount, preferably in excess, of ammonium hydroxide,
to form a fifth mixture consisting of hydrolyzed TPA.
Slow addition of concentrated sulfuric acid yields car-
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boxyethyl germanium sesquioxide. The chemical profile
1S:

Fifth mixture+ H3804 (conc)—>GerCoH 1607

A one-pot synthesis of analytically pure organic ger-
manium is described below.

To a2 L round bottom flask purged with argon was
added successively: germanium tetrachloride (200 g
[0.9346 mol]), tetramethyldisiloxane (125 g [0.93 mol]),
and acrylic acid (70.0 g [0.97 mol]). The reaction flask
was purged with argon then sealed by placement of a
ground glass stopper with a teflon sleeve and secured
via teflon tape. The slightly cloudy mixture changed to
a clear, colorless homogeneous solution within about 2
hours, and this was stirred for seven days at ambient
temperature. The volatile components were removed
via vacuum (0.5 to 5 mmHg) while the product mixture
was heated to an internal temperature of 70° C.-80° C,,
where it was a homogeneous, clear and colorless vis-
cous solution (melt). Evacuation was continued until no
more distillate was observed (ca. 2 hours). This was
cooled to an ambient temperature to yield a white amor-
phous solid. To this was added 950 mL of concentrated
HCI. The resulting heterogeneous mixture was warmed
to an internal temperature of 60° C.-70° C., and stirred
tor four hours. The cooled mixture was extracted 3
times with 500 mL of dichloromethane. The combined
extracts were evaporated under reduced pressure via
rotoryevaporator to give a white amorphous solid. This
was dissolved in ca. 1 L boiling hexane (until a clear
colorless homogeneous hot solution was obtained), and
let cool gently to ambient temperature. The product,
trichlorogermanepropionic acid, was isolated via suc-
tion filtration, washed once with hexane to give fine
prisms, mp 75° C.-79° C. This was immediately taken
up (vigorous reaction), with careful addition of 850 mL
of ammonium hydroxide (29% ammonia). The resulting
turbid mixture was stirred for 4 days at ambient temper-
ature (the mixture changes to a clear, colorless homoge-
neous solution within 3 hours). To this homogeneous
solution was added dropwise over two hours through a
reflux condenser 400 mL. of concentrated sulfuric acid.
NOTE: This is a very vigorous reaction and should be
handled with extreme care. A white precipitate formed
after addition of ca. 375 mL of acid. The pot was stirred
for 48 hours, and then the while solid was isolated via
suction filtration, washed successively with 2 X 150 mL
water, 1X 150 mL acetone, and 1X200 mL of diethyl
ether, then this brilliant white solid was air dried over-
night, and then taken up with 150 mL hot water, then
cooled and filtered to yield 78.84 g (50%) of analyti-
cally pure carboxyethyl germanium sesquioxide.

- Although particular embodiments of the invention
have been described and illustrated herein, it is recog-
nized that modifications and variations may readily
occur to those skilled in the art, and consequently it is
intended that the claims be interpreted to cover such
modifications and equivalents.

I claim:

1. A method of preparing organic germanium in the
absence of any toxic level of germanium dioxide or
metallic germanium comprising;

preparing trichlorogermane propionic acid as a crude

reaction product from germanium tetrachloride:
forming high purity crystals of trichlorogermane
propionic acid from the said crude reaction prod-
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uct of trichlorogermane propionic acid by a crys-
tallization process;

forming a germanium acrylate moiety as a reaction

product from hydrolysis of the high purity crystals
of trichlorogermane propionic acid;

forming carboxyethyl germanium sesquioxide as a

reaction product from acidification of the germa-
nium acrylate moiety.

2. A method of preparing organic germanium in the
absence of any toxic level of germanium dioxide or
metallic germanium comprising;

reacting germanium tetrachloride, acrylic acid and

tetramethly disiioxane to obtain first reaction prod-
ucts in a first mixture;

removing volatiles from the first mixture to obtain a

second mixture;

reacting the second mixture with at least an effective

amount of hydrochloric acid to obtain a third mix-
ture consisting essentially of trichlorogermane pro-
pionic acid and hydrochloric acid:;

separating by extraction with an organic solvent tri-

chlorogermane propionic acid from hydrochloric
acid in the third mixture to form a fourth mixture;

removing the extraction solvent from the fourth mix-

ture to form a crude reaction product of trichloro-
germane propionic acid;

dissolving the crude reaction product with a non-

polar alkyl solvent to form high purity crystals of

trichlorogermane propionic acid;
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hydrolyzing the high purity crystals of trichloroger-
mane propionic acid in ammonium hydroxide to
form a fifth mixture;

reacting the fifth mixture with slow addition of con-

centrated sulfuric acid to form carboxyethyl ger-
manium sesquioxide.
3. The method of claim 2 wherein the organic solvent
is a halogenated solvent.
4. The method of claim 3 wherein the solvent is se-
lected from the group comnsisting of dichloromethane,
carbon tetrachloride and chloroform.
5. The method of claim 4 wherein the solvent is di-
chloromethane.
6. The method of claim 1 wherein the non-polar alkyl
solvent 1s hexane.
7. The method of claim 1 wherein the acidifying step
1s slow addition of concentrated sulfuric acid.
8. A method of preparing pure organic germanium in
the absence of germanium dioxide or metallic germa-
nium CoOmprising;
preparing trichlorogermane propionic acid as a crude
reaction product from materials not including ei-
ther germanium dioxide or metallic germanium;

forming high purity crystals of trichlorogermane
propionic acid from the said crude reaction prod-
uct of trichlorogermane propionic acid:;

forming carboxyethl germanium sesquioxide as a

reaction product from hydrolysis of the trichloro-

- germane propionic acid.
* XK * x %
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